Primary Audience: Nutritionists, Live Production Managers
DESCRIPTION OF PROBLEM
Current interest in renewable energy production has exponentially increased the utilization of ethanol, a biofuel produced largely from corn. Increased utilization of ethanol has redistributed corn from livestock production to ethanol production. In 2002, 11% of the United States corn crop was used in ethanol production; with the increase in production as much as 30% of United States corn was being used for ethanol production in 2008 [1] . This reallocation has directly impacted the poultry industry with resulting increases in diet cost. Between the years of 2006 and 2008, it is estimated that feed costs in the poultry industry increased as much as $9.36 billion dollars in the United States alone [1] . Elevated diet costs increases overall production costs, thus producers have turned to higher inclusions of less desirable ingredients to reduce diet costs. One such ingredient is distillers' dried grains with solubles (DDGS), a by-product of ethanol production, which has become widely available as a result of the expansion of ethanol production [2] .
There is a long history of use of DDGS in poultry diets; however, they have been traditionally included at relatively low levels-typically five percent or less in starter diets [3] . These low levels are because of the nutrient variability observed in DDGS. Different sources of DDGS have been reported to vary considerably in energy, dry matter content, fat, crude protein, and various amino acid concentrations and availability [4] [5] [6] [7] [8] . Additionally, DDGS contain substantial levels of non-starch polysaccharides (NSPs), which negatively affect digestibility in monogastric animals. These structural and semi-structural carbohydrates include β-glucans, arabioxylans, and raffinose groups [9] . Non-starch polysaccharides decrease digestibility by imbibing water and forming a viscous digesta, which is directly related to performance. Bedford and Classen [10] observed a significant correlation between intestinal viscosity and weight gain. Increased intestinal viscosity acts to decrease the interaction times between enzymes and substrates as well as nutrients and the absorptive structures, resulting in a depression in net energy [10] .
Inclusion of exogenous carbohydrases may reduce or eliminate the negative effects observed with high levels of NSPs and allow for the sparing of dietary energy. Multiple studies have reported the advantages of NSPs enzyme inclusion with observed improvements in FCR [11] [12] [13] [14] [15] and increases in energy retention [13] . The strategy of the inclusion of a multiple enzyme complex has been reported to result in sub-additive increases in performance as opposed to individual inclusion [16] . Additionally, Coppedge et al. [15] reported significant increases in body weight and breast meat weight with the inclusion of a multiple enzyme complex.
Therefore, the objectives of these two experiments were to examine the effects of increasing DDGS inclusion and the addition of a NSP degrading enzyme complex (NSPase) on nutrient utilization in young broilers and evaluate NSPase inclusion in low energy diets containing DDGS on broiler growth performance and carcass yield.
MATERIALS AND METHODS

Experiment One
This experiment consisted of a 4 × 2 factorial design resulting in a total of eight dietary treatments. Four levels of DDGS were included, beginning with a control diet with no DDGS inclusion and increasing in 5% intervals to a highest inclusion rate of 15%. Each level of DDGS was fed with and without the addition of an NSPase at the recommended inclusion level of DDGS levels, and mixed at 2:1 and 1:2 ratios to obtain the two intermediate inclusion levels of 5% and 10% DDGS. Diets were formulated to maintain consistent protein and supplemental fat levels, as well as similar energy to total essential amino acid ratios (Table 1) . Additionally, all diets included 0.5% of titanium dioxide as an indigestible marker. To maintain maximum enzymatic activity, diets were fed in mash form.
Each treatment had a total of eight replicates containing five Cobb 500 male broilers in sixtyfour battery pens for a total placement of 320 male broiler chicks. Broilers were obtained on the day of hatch, banded, and sorted to achieve statistically equivalent initial body weights at time of placement. Broilers were reared in battery brooders and provided ad libitum access to dietary treatments and water, and provided age appropriate supplemental heat. Birds were reared using a continuous lighting program. Care was provided in accordance with an approved Animal Use Protocol (IACUC). Body weights and feed consumption were taken on days 7, 14, and 21. Feed conversion ratios were calculated and adjusted for mortality.
On day 22 of age, all broilers were euthanized via carbon dioxide asphyxiation. Ileal contents were then manually collected from the portion of the small intestine four centimeters posterior to Meckel's Diverticulum to four centimeters anterior to the ileal-cecal junction, and pooled within each replicate pen. Ileal samples were dried at 100
• C for 24 h and ground for analysis. Titanium concentration was determined using a modified procedure outlined by Short et al. [17] . As such, five hundred mg of each dried sample was weighed and ashed. Following ashing, samples were titrated with 10 mL of sulfuric acid, and boiled until dissolved. Samples were then titrated with 20 mL of hydrogen peroxide, and brought to 100 mL using distilled water. Samples were then analyzed using a Thermo Fisher Scientific Gensys 10S UVVis (Model G10S UV-Vis) Spectrophotometer (Waltham, MA) at 410 nm.
Gross energy of feed and dried ileal contents was determined using a Parr 6300 bomb calorimeter (Moline, IL). Nitrogen concentration of each dried sample was determined via the combustion method, using an Elementar Rapid N Cube (Hanua, Germany). Ileal digestible energy (IDE) was calculated using the following equation [18] :
Ileal energy digestibility coefficients (IEDC) and ileal nitrogen digestibility coefficients (INDC) were calculated to compensate for differences in caloric intake, using the following equation [18] :
Whereas NT represents kcal in the sample, Ti represents the percentage of titanium, with the subscript "i" representing the ileal contents and subscripts "d" representing the diet.
Experiment Two
The experimental design consisted of three dietary treatment groups: a positive control (PC), negative control (PC less 132 kcal/kg ME), and negative control (NC) with the inclusion of the same NSPase, which was added on top of the diet (Table 2 ). Each treatment consisted of 8 replicate pens with each replicate containing 28 straight-run Cobb 500 chicks, resulting in a total placement of 24 pens with 672 chicks. Broilers were obtained on the day of hatch, banded, and sorted to achieve statistically equivalent initial body weights at time of placement. Broilers were reared in floor pens containing fresh pine shavings as bedding material, provided ad libitum access to dietary treatments and water, and provided age appropriate supplemental heat. Care was provided in accordance with an approved Animal Use Protocol (IACUC).
The dietary program consisted of a four-phase diet with a starter (days 0 to 14), grower (days 14 to 28), finisher (days 28 to 42), and withdrawal (days 42 to 48) phase. Diets were based on corn and soybean meal and contained DDGS levels between 2.5 and 10% of the inclusion levels for the different dietary phases. All diets were fed in pellet form, with the exception of the starter phase, which was fed as a crumble. Diets were manufactured at a pelleting temperature of 70
• C with a 25-s conditioning time. Samples were collected during feed manufacturing for nutrient analysis, which was conducted in triplicate. Crude protein was determined using AOAC [19] by combustion (AOAC 990.03), total phosphorus determined by wet ash ICP (AOAC 985.01M), acid detergent fiber determined using an ANKOM digestion unit (AOAC 973.18), and an ether extraction to determine crude fat (AOAC 920.39). Enzymatic recovery was not conducted as the low pelleting temperature was selected to preserve enzymatic activity. In order to measure growth performance, body weights and feed consumptions were determined at the end of each dietary phase, on days 14, 28, 42, and 47. On day 48, following ancarcass, breast, and fat pad yield (40 male and 40 female per treatment, or 35% of total placement). All carcasses were air chilled for 18 hs prior to deboning to avoid influencing yield data based on differences in water uptake.
Statistical Analysis
For Experiment 1, all data were analyzed via a 4 × 2 factorial Analysis of Variance (ANOVA) using the General Linear Model (GLM) procedure (SPSS V 19.0). In cases of the presence of significant interactions, data were analyzed using a one-way ANOVA. Main effect and treatment means were deemed significant at P ≤ 0.05 and separated using Duncan's Multiple Range Test. The experimental unit for all measures was the pen.
For Experiment 2, all data were analyzed via a one-way ANOVA using the GLM procedure (SPSS V 19.0) with treatment means deemed significantly different at P ≤ 0.05. Means were separated using Duncan's Multiple Range Test. The experimental unit for all parameters was the pen.
RESULTS
Experiment One
Significant differences were observed in body weight on all collection days regarding DDGS inclusion (Table 3) . On days 7 and 14, broilers fed diets with the inclusion of DDGS at 15% decreased (P < 0.05) body weight compared to broilers fed diets containing 0 and 5% DDGS, with the inclusion of DDGS at 10% being intermediate and not different from any other treatment. Body weights for day 21 were decreased (P < 0.05) in broilers fed diets containing 15% DDGS when compared to broilers fed diets with 0 or 10% DDGS inclusion, with DDGS inclusion at 5% being intermediate. Body weight for days 7, 14, or 21 was not significant for the main effect of NSPase. No differences were observed in mortality throughout the experiment (P > 0.05).
No significant differences were observed in mortality corrected FCR with enzyme inclusion throughout the experiment (Table 3 ). The inclusion of DDGS had no impact on FCR through 7 days of age. Inclusion of DDGS at 15% resulted in an increased (P < 0.05) FCR as compared to all other treatment groups at 14 days of age. At the conclusion of the trial (day 21), DDGS inclusion did not influence FCR. Significant effects were observed regarding IDE with DDGS inclusion and enzyme inclusion ( Table 3 ). The inclusion of DDGS at 10 and 15% resulted in a decrease (P < 0.05) in IDE as compared to no DDGS inclusion with the diet containing 5% DDGS yielding intermediate results. Enzyme inclusion increased (P < 0.05) IDE (74 kcal/kg) compared to the control in early stages of Experiment One. An interaction was observed between DDGS concentration and NSPase inclusion regarding digestibility coefficients for energy (IEDC) and nitrogen (IDNC), therefore, statistical groups were made based on individual treatment means. In non-NSPase treatment groups, reductions (P < 0.05) in IEDC were observed in the 5 and 15% DDGS diets as compared to the control diet. Inclusion of the NSPase resulted in increases (P < 0.05) in IEDC in all dietary treatments except the inclusion of DDGS at 0 and 10%. Additionally, NSPase inclusion in the 5 and 15% DDGS diets increased (P < 0.05) IEDC as compared to the 0% DDGS diet without enzyme inclusion.
A significant interaction was observed between DDGS concentration and NSPase inclusion with regards to ileal nitrogen digestibility coefficient (INDC), and, therefore, tables were constructed using treatment means in order to interpret the interaction (Table 3 ). In nonNSPase treatments, reductions were observed in INDC with all DDGS inclusion rates as compared to the control diet with the 15% DDGS having a lower (P < 0.05) N digestibility compared to the 5% DDGS diet. Inclusion of the NSPase increased N digestibility in the 0, 5, and 15% DDGS treatment groups to a level comparable to the 0% DDGS diet without the NSPase.
Experiment Two
Body weight was immediately impacted and was sustained throughout the trial with the reduction in energy in the NC diet as compared to the PC diet (Table 4) . Inclusion of the NSPase to the NC diet increased (P < 0.05) body weight as compared to the NC to a level similar to the PC diet at days 14, 28, and 47. At the conclusion of the trial, the reduction in energy in the NC diet decreased (P < 0.05) final body weight compared to the PC while NSPase inclusion increased (P < 0.05) body weight to a level of the PC diet. No differences were observed in mortality throughout the experiment (P > 0.05).
Mortality corrected feed conversion ratio (FCR) was also negatively impacted during the early stages of growth with the reduction in energy (Table 4) . During the starter phase, the NC fed broilers had the highest (P < 0.05) observed FCR. Inclusion of NSPase to the NC diet during the starter phase reduced (P < 0.05) FCR compared to the NC; however, not to a level of the PC fed broilers. During the finisher phase of production, NSPase inclusion resulted in a reduction (P < 0.05) in FCR as compared to PC fed broilers with the NC being intermediate. No differences (P < 0.05) were observed between dietary treatments during the grower and withdrawal phases of production. Reducing energy in the NC diet increased FCR through 28 days of age compared to the PC diet. The inclusion of NSPase was intermediate to the PC and NC. A three point (0.03) separation in cumulative FCR was observed between the PC and NC diets at 42 and 47 days of age but did not reach the level of significance as the energy response in this experiment seemed to more heavily impact body weight.
Energy level and NSPase inclusion impacted multiple evaluated processing parameters. Broilers fed the NC diet had a lower (P < 0.05) carcass weight, and breast filet weight as compared to the PC fed broilers (Table 4) . Inclusion of the NSPase in the NC diet increased (P < 0.05) live weight, carcass weight, breast filet, and tenderloin weight as compared to the NC diet and all parameters were similar to the PC diet. Additionally carcass yield was increased (P < 0.05) with NSPase inclusion compared to NC. Reduction of energy resulted in a decrease (P < 0.05) in fat pad weight in the NC diet as compared to the PC diet. NSPase inclusion in the NC diet did not increase fat pad weight compared to the NC diet. Breast and tender yield was not different between any of the treatments.
DISCUSSION
The objectives of the current experiments were to examine the effects of increasing DDGS inclusion and the addition of a (NSPase) on nutrient utilization in young broilers and evaluate NSPase inclusion in low energy diets containing DDGS on broiler growth performance and carcass yield. In Experiment 1, as the inclusion of DDGS increased from 0 to 15%, the IDE value decreased from 3321 kcal/kg to 3207 kcal/kg respectively. Generally, as the DDGS inclusion level increased, a depression in growth performance was observed. Lumpkins et al. [3] conducted an experiment with diets that were formulated to be isocaloric and isonitrogenous containing DDGS ranging from 0 to 18%. The authors found no differences in performance and carcass yield except for a decrease in body weight gain and feed efficiency during the starter period, when chicks were fed 18% DDGS diet. In a recent study Wang et al. [20] evaluated the effect of diets formulated based on digestible amino acid levels, containing 0, 5, 10, 15, 20, or 25% DDGS, on broiler performance. The inclusion of DDGS up to 25% did not impact growth rate; however, chicks fed diets with 25% DDGS inclusion had increased FCR compared to the control group. Loar et al. [21] observed a decrease in performance parameters with the inclusion of 8% DDGS in the starter and grower diets. During the starter phase, DDGS in the diet resulted in a significantly higher FCR. Similar results were observed in the current study with the inclusion of DDGS at 15% increasing FCR on day 14. The reduction in growth performance in the current study can more than likely be attributed to the increase in DDGS inclusion, however, in an effort to maintain similar supplemental fat levels in treatments, a difference in calculated AME of 35 kcal/kg can be observed between the control and 15% DDGS diets (Table 1) . Because of the difference in calculated AME of the diets, both IDE and digestibility coefficients were evaluated ,which were also negatively impacted by DDGS inclusion.
The wide variation in nutritive value of DDGS is a concern for the use of the by-product in poultry diets as nutrient utilization may decrease. In the current study, the two highest levels of DDGS inclusions (10 and 15%) in Experiment 1 negatively impacted IDE compared to the control diet. The inclusion of DDGS at 5 and 10% reduced IEDC compared to the control diet. Additionally, a continuous decrease in INDC was observed as the DDGS inclusion level increased. Similar results were observed by Olukosi et al. [22] , with the inclusion of corn DDGS at 100 g/kg reducing the coefficient of apparent ileal N digestibility. The inclusion of an exogenous enzyme may reduce this variability by improving the nutrient utilization of the by-product. In the current study, enzyme supplementation improved nutrient digestibility in young broilers. The inclusion of NSPase achieved a 74 kcal/kg increase in dietary IDE compared to the control treatments. Nutrient digestibility improvements were reported in a study conducted by Coweison et al. [23] . The observed improvements were dependent on a diet resulting in a diet x enzyme interaction. In the current experiment a diet x enzyme interaction was observed in IEDC and INDC. The addition of NSPase increased IEDC for the 0%, 5%, and 15% diets to levels greater than the observed IEDC of their respective control treatments. Nitrogen digestibility was improved with in the inclusion of NSPase as INDC of the 5% and 15% DDGS inclusions were brought to levels equivalent to the 0% control diet without NSPase. This beneficial effect on nitrogen and protein has been demonstrated in previous research [24, 25] . Overall, these results agree with previous research, indicating that enzyme supplementation enhances energy utilization in broilers. The inconsistent results observed in the 10% DDGS diet with NSPase inclusion are also in agreement with previous reports citing that responses to dietary exogenous enzyme supplementation are varied, sometimes inconsistent and difficult to predict [23, 25, 26] .
Experiment Two of the current study contained diets with increasing levels of DDGS and NSPase inclusion in the low energy diet as the experimental treatment group. The reduction in energy in the NC diet negatively impacted broiler body weight throughout the trial. Similar results were observed by Coppedge et al. [15] and Masey O'Neill et al., [12] with a negative impact on BW and FCR when the dietary energy levels were reduced. The inclusion of NSPase in the reduced energy diet increased BW to levels that were similar to the PC diet. Similarly, Coppedge et al. [15] reported an improvement in BW and FCR with the inclusion of a NSPase in reduced energy diets, along with Meng et al. [27] that reported improvements in FCR with the supplementation of a cocktail carbohydrase. The reduction of energy also reduced broiler fat pad weight as expected and similar results have been reported by Coppedge et al. [15] . Increases in broiler body weight associated with NSPase inclusion in the NC diet directly resulted in increases in carcass weight, carcass yield, and breast weight. These increases in carcass and parts yield are consistent with previous research, which indicates that enzyme supplementation can increase carcass weights, as well as weights of breast filets and tenders [15] .
Combined, these data confirm growth performance as measured by body weight and FCR can be negatively influenced by excessive levels of DDGS and decreased energy levels in broiler diets. These negative observations associated with DDGS inclusion are related to reductions in energy and nitrogen digestibility. However, negative effects associated with DDGS inclusion or reduced caloric diets can be negated with the inclusion of an NSPase resulting in enhanced growth performance of market broilers.
CONCLUSIONS AND APPLICATIONS
1. The inclusion of DDGS reduced energy and nitrogen digestibility when included in broiler diets.
2. Reducing dietary energy negatively influenced broiler performance. 3. The inclusion of NSPase improved growth performance in low energy diets and nutrient digestibility in diets containing DDGS.
